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ABSTRACT: Background. In neurologically impaired children, feeding problems and gastroe-
sophageal reflux disease require great care throughout the children’s lifetimes. It is difficult to de-
cide on the right time for diagnostic-therapeutic procedures. A vicious circle between gastroe-
sophageal reflux disease, swallowing incoordination, and problems with aspiration leads to se-
vere malnutrition, with poor quality of life.

Objective. To retrospectively review a selected population and describe our management of these
patients.

Patients/methods. Neurologically impaired, malnourished patients (n = 261) underwent triceps
skinfold thickness measurement, endoscopy/biopsy, and/or 24-hour pH-metry, videofluoroscopy-
salivagram, upper gastrointestinal series, and gastric scintigraphy. The therapeutic options were
chosen by a multidisciplinary team: percutaneous endoscopic gastrostomy, swallowing rehabilita-
tion, Nissen fundoplication, pyloromyotomy (in delayed gastric emptying), total esophagogastric
disconnection, EndoCinch, and/or gastrojejunal tube.

Results. Surgicallendoscopic interventions chosen were 217 percutaneous endoscopic gastros-
tomies, 25 Nissen fundoplications/gastrostomies, 16 pyloromyotomies, 15 primary total esopha-
gogastric disconnections, and 4 EndoCinch procedures. No operative mortality occurred; postop-
erative courses showed few complications. In the follow-up treatment, symptoms improved as did
quality of life.

Conclusion. Neurologically impaired children with gastroesophageal reflux disease, eating in-
ability and malnutrition should be treated with rehabilitation planning, precocious gastrostomy,
and early therapy for gastroesophageal reflux disease. (Nutritional Therapy & Metabolism 2007;
25:147-52)

KEY WORDS: Enteral feeding, Gastroesophageal reflux disease (GERD), Neurologically
impaired children (NIC)

INTRODUCTION

In neurologically impaired children (NIC), feeding
problems and gastroesophageal reflux disease (GERD)
are widespread and require great care throughout their
lifetimes.

It is often difficult to choose and decide on the right
time for each diagnostic and therapeutic procedure, be-
cause of doubts regarding the reality of the unfavorable
patient prognosis and parents’ expectations. Generally,

an unpleasant vicious circle is established (Fig. 1) be-
tween GERD, swallowing incoordination, and difficul-
ties with aspiration (dyscatoposia) in NIC. With the ad-
dition of constipation, the final result is severe malnutri-
tion with a high susceptibility to infection and a poor
quality of life, and consequent difficulty in management
of every daily activity by parents and caregivers (1).

An accurate diagnosis of GERD in NIC is not al-
ways easy, because there may be no clear symptoms.
Convulsions and hyper-tone resistant to neurologic
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Fig. 1 - The pathologic circle in neurologic impairment. GERD =
gastroesophageal reflux disease; NIC = neurologically impaired
children.

drugs, chronic cough, and recurrent ab ingestis pneumo-
nia are frequently signs of severe GERD, as are, obvi-
ously, severe anemia, melena, and anorexia. More than
half of the reflux events in NIC are nonacidic and would
therefore go undetected by conventional pH-metry (2).

Gastric feeding through a nasogastric tube is often
required in NIC when oral intake is not satisfactory, but
in long-term follow-up a gastrostomy is essential to en-
sure good nutrition without difficulty. Percutaneous en-
doscopic gastrostomy (PEG) is a safe and effective pro-
cedure, including in patients severely disabled with sub-
stantial anatomic deformities and restricted pulmonary
function; it has become the procedure of choice for the
establishment of enteral access in patients requiring
long-term enteral alimentation (3).

Oral rehabilitation should be added to enteral feed-
ing and included in a multidisciplinary approach involv-
ing nurses, therapists, and dieticians, in addition to gas-
troenterologists, neurologists, and surgeons. Medical
therapy and innovative endoscopic and surgical tech-
niques are necessary to manage GERD (1). Sympto-
matic GERD can be treated with proton pump inhibitors
(PPIs) until it is impossible to control the symptoms and
signs, and antireflux surgery becomes absolutely neces-
sary (4). Nissen fundoplication is considered the best
surgical option in patients affected by gastroesophageal
reflux disease (5). Nevertheless, NICs have a high risk
of gastroesophageal reflux disease recurrence after fun-
doplication because of several negative factors. Total
esophagogastric dissociation (TEGD) eliminates all risk
of recurrent reflux and can be used as a primary treat-
ment of choice for severely NIC completely dependant
on tube feeding, with significant oropharyngeal incoor-
dination (6, 7). In very compromised NIC patients, with
a high surgical and anesthesiologic risk, recurrent vom-
iting, and severe malnutrition, a gastrojejunal tube can

easily be placed even with some limitations, if a gastros-
tomy has been previously performed. Although gastroje-
junal feeding tubes can be inserted safely and improve
nutritional status, the most common complication is je-
junal tube migration with gastric dislocation (8). Duo-
denostomy or jejunostomy are invasive and more defini-
tive procedures, with high incidence rates of complica-
tions.

The aim of our study was to retrospectively review a
selected NIC population, describing our clinical ap-
proach to the patients’ diagnostic and therapeutic man-
agement.

PATIENTS AND METHODS

In a retrospective analysis, we reviewed the clinical
cards of 261 patients (151 males). All patients were se-
verely NIC according to the criteria at that time of the
American Psychiatric Association (9). All patients pre-
sented severe malnutrition (triceps skinfold thickness <
fifth percentile) and GERD from mild to severe degree;
they underwent nutritional intervention from 1992 to
2006. Diagnoses were postasphyxial encephalopathy in
204 patients (189 postpartum, 2 post-heart surgery, 4
postmeningitis, 3 postdrowning, 6 post-traumatic as-
phyxia), genetic and chromosomal syndrome in 52 pa-
tients, and metabolic disease in 5 patients. Mean age at
surgical/endoscopic intervention (PEG or antireflux
surgery) was 8 years and 5 months (range 1 months to
20 years); 256 patients (98%) were < 10 years old, 5 of
them < 6 months. Weight of patients ranged from 3.3 to
48 kg; for patients 10-20 years old, mean weight was
21.3 kg (range 10.8-48 kg); for patients 6 months to 10
years old, mean weight was 10.5 kg (range 5.5-14.8 kg);
and for patients < 6 months, mean weight was 4.3 kg
(range 3.3-5.2 kg). All patients presented severe malnu-
trition, defined as triceps skinfold thickness below the
fifth percentile for age and sex (10), and required naso-
gastric tube feeding for more than 3 months; they did
not have evident gastrointestinal alterations.

Diagnostic steps

- To assess malnutrition: triceps skinfold thickness;

- To document GERD: positive endoscopy with biopsy
(peptic esophagitis) or positive 24-hour pH-metry,
showing atypical symptomatology and mild or no
esophagitis;

- In suspected cases of high aspiration: contrast swallow
with videofluoroscopy (11) or/and salivagram (12);

- To rule out peptic esophageal stricture and to detect
gastrointestinal malformation before PEG placement:
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upper gastrointestinal series;

- To evaluate quantitatively gastric emptying and to de-
cide on the best surgical procedure in GERD: scintig-
raphy (13).

Therapeutic steps

- Patients with inadequate intake, with a positive re-
sponse to enteral feeding through nasogastric tube,
without severe GERD or with GERD medically con-
trollable, and patients who were in too poor a general
condition to be operated on underwent only PEG with
swallowing rehabilitation and PPI;

Patients with GERD resistant to drugs with partial oral
feeding underwent Nissen fundoplication (open or la-
paroscopic according to the patient’s situation) with
gastrostomy (if no previous PEG) and pyloromyotomy
(in delayed gastric emptying as evaluated by scintigra-
phy);

Patients with recurrence of GERD after Nissen fundo-
plication or patients dependent on enteral feeding
without oral intake or with severe dyscatoposia under-
went TEGD (rescue or primary) with gastrostomy (if
no previous PEG) and pyloromiotomy (in delayed
gastric emptying as evaluated by scintigraphy).
Patients with mild/moderate GERD dependent on
drugs, with acceptable oral feeding, no high hiatal her-
nia, prevalently respiratory symptoms, and regular
gastric emptying underwent EndoCinch gastroplica-
tion.

Patients with severe recurrent vomiting and retching,
with a very high surgical and anesthesiologic risk and
previous gastrostomy, underwent insertion of gastroje-
junal tube with or without baclofen; in cases of insta-
bility of gastrojejunal tube and very poor quality of
life, a jejunostomy was performed.

RESULTS

The results are summarized in Figure 2. Therapeutic
interventions were as follows:

» 217 patients underwent PEG; afterwards, 25 of them,
Nissen fundoplication post-PEG (15, pyloromyotomy;
6, TEGD post-antireflux surgery as a rescue procedure
after GERD recurrence for Nissen fundoplication dis-
ruption); 5 of them, TEGD post-PEG; 3 of them, En-
doCinch trans-PEG (with 1 Nissen fundoplication +
pyloromyotomy post-EndoCinch, 1 TEGD post-En-
doCinch); 30 patients underwent 42 gastrojejunal tube
(2 jejunostomy); and 154 patients are still on PPIs and
neurologic drugs;

25 underwent Nissen fundoplication + gastrostomy +

Nissen
25 217 PEG

261 NIC
\ Endocinch \_TEGD
4 15
\ 3 \

1
5

25 e )

Fig. 2 - Therapeutic options chosen for patient population (n = 261).
PEG = percutaneous endoscopic gastrostomy; TEGD = total
esophagogastric dissociation.

pyloromyotomy (16 patients);

¢ 15 underwent TEGD primary and gastrostomy + py-
loromyotomy;

* 4 underwent EndoCinch gastroplication.

In all patients except one, enteral feeding was start-
ed through gastrostomy (PEG or gastrostomy placed
during Nissen fundoplication or TEGD) either for nutri-
tional reasons or to improve quality of life and alleviate
respiratory symptoms: in the result, 125 patients had un-
satisfactory oral feedings with long duration of meals
and constant cough during uncoordinated swallowing.
The rest of them, 136 patients, had a permanent naso-
gastric tube placed a mean of 4 months before (range 1-
7 months) with improved efficacy of daily and nightly
enteral feeding (no weight loss reported by parents) but
persistence of chronic bronchitis, perhaps related to mi-
croinhalations. In 67 patients with PEG, parents decided
on exclusive enteral feeding by gastrostomy due to re-
current “high” levels of microinhalation. Oral rehabilita-
tion is still continuing with success in 65 patients.

There was no operative mortality, and postoperative
courses presented only a few complications related to
surgical procedures:

5 gastrocolic fistulas post-PEG, surgically treated;

2 cases of hemorrhage immediately post-EndoCinch
with spontaneous resolution;

» 2 cases of bowel obstruction (1 adhesion, 1 caecum
volvulus) and 2 esophagojejunal anastomotic stenoses
(cicatricial peptic stricture resolved by dilatation),
post-rescue TEGD;

« 1 tight fundoplication, which required hydrostatic di-
lation.

149



Long-term enteral feeding and gastroesophageal reflux disease in neurologically impaired children

Follow-up treatment, which ranged from 1 year to
12 years, was not a specific topic of our examination.
Eight patients died due to underlying disease.

The general health of patients after nutritional inter-
vention and antireflux surgery improved, with regard to
the number of episodes of food aspiration, cough, and
respiratory infections (reduction in 118 patients from a
mean of 21 to 8, as evaluated after the first year post-op-
erative therapy; 77 of these patients underwent a Nissen
fundoplication or TEGD); gastrointestinal symptoms,
such as vomiting and regurgitation observed (disappear-
ance in 98 patients surgically treated); chronic anemia
(resolved in 7 patients); and mean relative weight (im-
proved in 215 patients with increase of body weight
from 1.5 to 6 kg after the first year post-operative thera-
py). Also, the satisfaction of parents, as reported during
the semester check, testified to a better quality of life,
specially after PEG or gastrostomy.

The persistence of retching in 150 patients (48 out
of whom had undergone surgical correction for GERD)
represented the most important problem reported by par-
ents during the follow-up.

DISCUSSION

As the literature shows, there is no common agree-
ment on how to manage NIC either in terms of diagno-
sis or therapy; however, it is necessary to find a homo-
geneous route.

Regarding diagnosis of GERD, the recent, still not
widespread use of combined 24 hours pH-metry and
multiple intraluminal impedance allows the detection of
both acid (pH < 4) and nonacid (pH > 4) GER episodes,
with a better diagnosis overall in NIC (2).

Upper digestive tract scintigraphy, with a salivagram
is a rarely utilized exam important to detect high aspira-
tion aside from GERD. Chronic salivary aspiration may
be responsible for pneumonia in NIC; radionuclide sali-
vagram is effective in documenting salivary aspiration
as the source of recurrent pneumonia (12, 14). Accord-
ing to Baikie et al, the maximum agreement is between
aspiration as diagnosed with salivagram and by barium
fluoroscopy (15).

With regard to therapeutic interventions against mal-
nutrition, there is no doubt that the indication for gas-
trostomy is overall inadequate oral nutrition; certainly,
gastrostomy can avoid the higher aspiration levels
caused by swallowing incoordination, but it cannot pre-
vent GERD. PEG can be performed in a brief time on
general or local anesthesia, with rare major complica-
tions; when it is possible, the gastrostomy should be
placed in the lesser gastric curvature, because of demon-

strated antirefluxing properties (16). Besides, PEG is
useful to improve malnutrition and the general condition
of patients, providing effective access for long-term en-
teral nutrition (3).

According Lewis et al, successful nutritional reha-
bilitation can improve GERD and can be achieved in
malnourished NIC, using PEG feeding and antireflux
medication, even if some NIC may need antireflux
surgery (10).

A child neurologist should be involved in the multi-
disciplinary oromotor rehabilitation program to improve
swallowing difficulties and their consequences (11).
When there is a clear failure of medical therapy, very
poor quality life, frequent gastrojejunal tube disloca-
tions, and constant aspiration pneumonia, then early an-
tireflux surgery is suggested.

Nissen fundoplication remains the standard tech-
nique for correction of GERD, including in NIC, resolv-
ing major respiratory symptoms in particular (5, 17, 18).
Nissen fundoplication is considered the best surgical op-
tion in patients affected by GERD, but in NIC, it is bur-
dened with retching, an early component of the emetic
reflex. The y-aminobutyric acid type B receptor agonist
baclofen reduces the incidence of transient lower
esophageal sphincter relaxation; and repeated adminis-
tration of baclofen reduces the frequency of emesis and
the total number of acid refluxes in NIC (19).

We often perform a gastrostomy before antireflux
surgery, to improve nutritional status and to have fewer
surgical complications. Other investigators have also
changed their approach, regardless of pH study results,
managing GERD pharmacotherapeutically and reserv-
ing surgery for cases where this proves inadequate (4).

NIC have a high risk of GERD recurrence after fun-
doplication; the options available after failed Nissen
fundoplication are jejunal feeding through a jejunosto-
my or a nasojejunal or gastrojejunal tube (8). To elimi-
nate one of the factors involved in recurrence of GERD,
treatment of documented delayed gastric emptying has
been proposed through pyloromyotomy or pyloroplasty.
A retrospective study by Burstoff Silva et al confirmed
the importance of pyloromyotomy to avoid the recur-
rence of GERD (20). Comparing scintigraphy py-
loromyotomy with pyloroplasty in a long-term follow-
up of patients who had undergone antireflux surgery,
Okuyama et al described fewer complications in the
postoperative course of the pyloromyotomy group (21).
Besides, pyloromyotomy is easier to perform and asso-
ciated with less morbidity.

Nevertheless, when in NIC the conventional antire-
flux surgery has failed, it is necessary to find other op-
tions. Redo fundoplication has a higher recurrence rate
(25%-50%) than the initial operation and carries a
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greater risk of complications (22, 23). A very interesting
option is TEGD which eliminates all risk of recurrent
reflux and can be used as a primary treatment of choice
for severely NIC completely dependent on tube feeding
with significant oropharyngeal incoordination (6, 7). A
previous study by our group demonstrated that TEGD
offers better nutritional rehabilitation, reduction in respi-
ratory infections, and improved quality of life, com-
pared with fundoplication and gastrostomy (24, 25).

It is obviously very important to effect an accurate
selection of patients undergoing TEGD, evaluating the
real neurologic damage, the degree of dyscatoposia, and
the family acceptance of a radical surgical option.

Lastly, we would mention several new, less-invasive
endoscopic techniques for GERD, which are safe and
effective also in children and adolescents (26). We have
used endoscopic gastroplication with an EndoCinch de-
vice, as well as through gastrostomy, with partially posi-
tive results. Further improvement of the procedure, ap-
plicable to NIC, and more trials are necessary to obtain
better success (27).

CONCLUSION

Children with profound neurologic impairment
caused by heterogeneous factors which lead to a persis-
tent vegetative state with consequent GERD, inability to
eat orally, and severe malnutrition, can be treated with a
careful planning of rehabilitation, to improve the quality
of life of the patients and their caregivers. Precocious
gastrostomy results in a better nutritional status and the
possibility of confronting all of the difficult complica-
tions of underlying disease. A good knowledge and ear-
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